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BASE STATION, COMMUNICATION
METHOD, AND MOBILE STATION

CROSS REFERENCE TO THE RELATED
APPLICATIONS

This application 1s a continuation application of Interna-
tional Application PCT/IP2009/068665, filed Oct. 30, 2009,

the entire contents of which are incorporated herein by refer-
ence.

FIELD

The embodiments discussed herein 1s are related to a base
station, a communication method, and a mobile station that
perform wireless communication.

BACKGROUND

In mobile communication systems such as for mobile tele-
phones, a cellular scheme 1s used 1n which communication 1s
continued over a wide area of combined areas (cells) in which
a base station can transmit and receive, as base stations are
switched according to the movement of a mobile station.
Currently, for example, third generation mobile communica-
tion services by code division multiple access (CDMA) are
provided. Meanwhile, next generation mobile communica-
tion schemes offering faster communication are under inves-
tigation.

For example, under the 3rd Generation Partnership Project
(3GPP), Long Term Evolution (LTE) and LTE-advanced are
under investigation (see, for example, “3GPP TR 36.912
V9.0.0”, September 2009, retrieved from Internet: Oct. 21,
2009 <URL:http://www.3gpp.org/Itp/Specs/archive/36_se-
ries/36.423/3 6423-900.z1p>). Under LTE-advanced, as a
method of improving throughput and coverage (throughput
tor users at cell edges), the itroduction of cooperative com-
munication technology via multiple cells 1s under imnvestiga-
tion. For downlink cooperative communication, cooperative
downlink transmission 1s performed from multiple cells with
respect to a given mobile station. For uplink cooperative
communication, cooperative uplink communication from
multiple cells 1s performed with respect to the given mobile
station.

Under LTE-advanced, joint transmission (JT), fast cell
selection (FS), coordinated beam forming (CB), and coordi-
nated scheduling (CS), for example, are under investigation
as methods of cooperative downlink transmission.

Further, in an LTE system, base stations communicate with
one another to perform handover and control interference.

The line for this communication 1s prescribed as an X2 inter-
face (see, for example, “3GPP TS 36.423V9.0.0”, September

2009, retrieved from Internet: Oct. 21, 2009 <URL:http://
www.3gpp.org/Itp/Specs/archive/36_series/36.912/3 6912-
900.z1p>). Similar to LTE, under LTE-advanced as well, an
interface such as an X2 interface 1s concervable.

In cooperative communication, when there are numerous
cooperative cells, measurement processing at the mobile sta-
tion and the amount of information for providing notification
of measurement results, from the mobile station to the base
station, 1ncrease. The amount of control nformation
exchanged among the base stations also increases. Thus, a
small number of cells are preliminarily selected as candidate
cells. For example, a technique that uses the strength of ret-
erence signals received from nearby cells 1s used as a method
of selecting candidate cells. Cells for which the recerved
reference signal strength 1s strong are selected as candidate
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2

cells and when no candidate cell 1s selected, a cell that 1s a
large source of interference 1s selected as a candidate cell and
the interference 1s reduced.

Nonetheless, the effectiveness of interference reduction by
cooperative communication varies according to factors other
than the strength of reception at a cooperative cell. Conse-
quently, in technologies that select cooperative cells based on
the strength of reception, interference cannot be suificiently

reduced, arising in a problem that communication quality
cannot be improved.

SUMMARY

According to an aspect of an embodiment, a base station
requests cooperative transmission of a base station forming a
nearby cell that 1s near a mobile station. The base station
turther includes an acquirer that acquires a reception power
for each nearby cell of the mobile station; a calculator that
calculates a wvalue for each acquired reception power,
weilghted by a coellicient of the nearby cell; and a selector that
based on each value calculated by the calculator and from
among the nearby cells, selects a cell of which the cooperative
transmission 1s to be requested.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out 1n the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A 1s a block diagram of a communication system
according to a first embodiment.

FIG. 1B 1s a block diagram of a mobile station according to
the first embodiment.

FIG. 2 1s a diagram of a first example of cooperative trans-
mission for downlink communication.

FIG. 3 1s a diagram of an example of a network between
base stations.

FIG. 4 1s a diagram of downlink cooperative transmission.

FIG. § 1s a flowchart of a first example of downlink opera-
tions of a base station.

FIG. 6 15 a sequence diagram of one example of processes
for cooperative transmission for downlink communication.

FIG. 7 1s a sequence diagram of one example of periodic
exchange of control information for downlink communica-
tion.

FIG. 8 1s a sequence diagram of one example of periodic
cooperative cell updating for downlink communication.

FIG. 9 1s a flowchart of a second example of downlink
operations of the base station.

FIG. 10 1s a flowchart of a third example of downlink
operations of the base station.

FIG. 11 1s a diagram of an example of parameters and
weighting functions.

FIG. 12A 1s a block diagram of the communication system
according to a second embodiment.

FIG. 12B 1s a block diagram of the mobile station accord-
ing to the second embodiment.

FIG. 13 1s a diagram of a first example of cooperative
reception for uplink communication.

FIG. 14 1s a diagram of a second example of cooperative
reception for uplink communication.

FIG. 15 1s a flowchart of a first example of uplink opera-
tions of the base station.
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FIG. 16 1s a sequence diagram of one example of processes
for cooperative reception for uplink communication.

FIG. 17 15 a sequence diagram of one example of periodic
exchange of control information for uplink communication.

FIG. 18 1s a sequence diagram of one example of periodic
cooperative cell updating for uplink communication.

FIG. 19 1s a flowchart of a second example of uplink
operations of the base station.

FI1G. 20 1s a flowchart of a third example of uplink opera-
tions of the base station.

DESCRIPTION OF EMBODIMENTS

Preferred embodiments of the present invention will be
explained with reference to the accompanying drawings.
Based on cellular reception powers that have been weighted
by coetficients set for each cell, the base station, communi-
cation method, and mobile station select cooperative cells to
perform cooperative communication, whereby a cell having
large reduction effect on interference 1s preferentially
selected as a cooperative cell, thereby improving communi-
cation quality.

In a first embodiment, cooperative transmission for down-
link communication will be described.

FIG. 1A 1s a block diagram of a communication system
according to a first embodiment. A communication system 10
depicted in FIG. 1A 1s a communication system that includes
cells C1 to C3 and that with respect to the mobile station 12,
performs cooperative transmission via cooperative cells. A
base station 11 1s a base station in the communication system
10. The cell C1 1s the local cell of the mobile station 12.
Further, the cell C1 1s a cell managed by the base station 11.
The cells C2, C3 may be cells managed by the base station 11
or cells managed by a base station other than the base station
11.

The base station 11 uses the cell C1 to wirelessly commu-
nicate with the mobile station 12. The base station 11 further
requests base stations forming nearby cells (e.g., cells C2,
C3) of the mobile station 12, for cooperative transmission.
For example, the base station 11 includes an acquirer 11a, a
setter 1154, a calculator 11c¢, a selector 11d, and a controller
11e.

The acquirer 11a acquires the reception power of reference
signals that are transmitted from nearby cells of the mobile
station 12 to the mobile station 12. For example, the acquirer
11a acquires the reception power of the local cell (cell C1) of

the mobile station 12 and the reception powers for non-local
cells (cells C2, C3) that are different from the local cell of the
mobile station 12.

For example, the acquirer 11a transmits to the mobile
station 12, a nearby-cell measurement request requesting
measurement of the strength of reception from nearby cells.
The mobile station 12, in response to the nearby-cell mea-
surement request from the acquirer 11a, measures the recep-
tion power of reference signals S1 to S3 from the cells C1 to
C3 and transmits the measurement results to the base station
11. The acquirer 11a acquires the measurement results trans-
mitted from the mobile station 12. The acquirer 11a notifies
the calculator 11c¢ of the acquired reception powers.

The setter 115 sets weighting coetlicients for the non-local
cells (cells C2, C3). For example, among the non-local cells,
the setter 115 sets a relatively large coetlicient for a cell
having a large reduction effect on interference that 1s conse-
quent to participation 1n cooperative transmission and sets a
relatively small coellicient for a cell having a small reduction
eifect on the interference. Coetlicient setting by the setter 1156
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4

will be described 1n detail hereinafter. The setter 115 notifies
the calculator 11c¢ of the set coellicients.

The calculator 11¢ calculates a value for each reception
power notified by the acquirer 11a, the values being weighted
by the coellicients notified by the setter 115. For example, the
calculator 11c¢ calculates a ratio of the reception power of
cach non-local cell with respect to the reception power of the
local cell, weighted by the corresponding coeflicient. In other
words, the calculator 11c¢ calculates a reception power ratio

for the cell C1 and the cell C2, weighted by the coetlicient for

the cell C2; and a reception power ratio for the cell C1 and the
cell C3, weighted by the coetlicient for the cell C3. The
calculator 11¢ notifies the selector 114 of the calculated val-
ues.

The selector 114, from among the non-local cells (cells C2,
C3) of the mobile station 12 and based on the values notified
by the calculator 11c¢, selects a cooperative cell. For example,
the selector 114 compares each value with a threshold and
based on the comparisonresult, selects a cooperative cell. The
selector 114, for example, from among the cells C2, C3,
selects as the cooperative cell, the cell for which the value
notified by the calculator 11c¢ 1s greater than or equal to the
threshold. The selector 114 notifies the controller 11e of the
selected cooperative cell.

The controller 11e uses the cooperative cell selected by the
selector 11d to perform cooperative transmission with respect
to the mobile station 12. For example, 1f the cell C2 1s selected
as the cooperative cell by the selector 11d, the controller 11e
uses the cell C1, which 1s the local cell of the mobile station
12, and the cell C2, which has been selected as a cooperative
cell, to perform cooperative transmission with respect to the
mobile station 12.

For example, 11 the cell C2 1s managed by the base station
11, the controller 11e controls the cell C1 and the cell C2 to
cooperate and transmit data. Further, 11 the cell C2 1s a cell
managed by a base station different from the base station 11,
the controller 11e transmits to the base station managing the
cell C2, a cooperative communication request requesting
cooperation with data communication by the cell C1 and the
transmission ol data.

For example, 1f the communication system 10 1s applied to
L TE-advanced, JT, FS, CB, or CS can be used as a downlink
cooperative communication scheme. Under JT, the same data
from multiple cells 1s transmitted to the mobile station 12
simultaneously, using the same wireless resource. Since a
combined signal from multiple cells 1s received at the mobile
station 12, the reception signal to interference and noise ratio
(SINR) 1s improved by synthesized gain, diversity gain, efc.

Under FS, although one cell sitmultaneously transmits data
to the mobile station 12, the transmitting the cell changes
according to the wireless propagation state. Under CB and
CS, the same wireless resource 1s used for transmissions to
different mobile stations in a cooperative cell and scheduling
and pre-coding control are cooperatively controlled. Since
mutual iterference can be reduced by cooperative control,
communication quality can be improved. Under CB, between
cooperative cells, pre-coding 1s primarily controlled coopera-
tively. Under CS, between cooperative cells, scheduling 1s
primarily controlled cooperatively.

The acquirer 11a, for example, can be implemented by a
wireless communication interface that performs wireless
communication with the mobile station 12. The setter 115, the
calculator 11¢, and the selector 11d, for example, can be
implemented by a computing circuit such as a central pro-
cessing unit (CPU). The controller 11e, for example, can be
implemented by a wireless communication interface that per-
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forms wireless communication with the mobile station 12 or
a computing circuit such as a CPU.

FIG. 1B 1s a block diagram of the mobile station according
to the first embodiment. In FIG. 1B, components identical to
those depicted in FIG. 1A are given the same reference
numerals used 1n FIG. 1A and description thereof 1s omaitted.
As depicted 1n FI1G. 1B, the mobile station 12 according to the
first embodiment includes a measurer 12a, a notifier 1254, and
a recerver 12c¢.

The measurer 12a measures the reception power of signals
that are transmitted from cells (cells C1 to C3) near the mobile
station 12 to the mobile station 12. The measurer 12a outputs
the measured reception powers to the notifier 125. The noti-
fier 125 notifies the base station 11 of the reception powers
output from the measurer 12a (reference numeral Al). For
example, when a nearby-cell measurement request 1s trans-
mitted from the base station 11, the measurer 12a measures
the reception power of signals from nearby cells and the
notifier 126 transmits the measurement results to the base
station 11.

Consequently, the base station 11 can calculate values for
the reception powers of the nearby cells of the mobile station
12, weighted by the coetlicients set for the nearby cells of the
mobile station 12 and based on the calculated values, can
select cooperative cells. The recerver 12¢ of the mobile station
12 uses the cooperative cells selected by the base station 11 to
receive data that 1s cooperatively transmitted.

Thus, based on the values for the reception powers from
nearby cells of the mobile station 12, weighted by the nearby-
cell-specific coellicients, the recetver 12¢ can receive data
cooperatively transmitted from a portion of or all of the cells
selected from among the nearby cells. For example, the
receiver 12¢ recerves data D1, D3 cooperatively transmitted
by the cell C1 and the cell C3.

FI1G. 2 1s a diagram of a first example of cooperative trans-
mission for downlink communication. A communication sys-
tem 20 includes base stations N1 to N7. The base station N1
manages the cells C11 to C13. Similarly, the base stations N2

to N7, respectively, manage the cells C21 to C23, the cells
C31 to C33, the cells C41 to C43, the cells C51 to C53, the

cells C61 to C63, and the cells C71 to C73.

In this example, a mobile station Ul 1s located 1n the cell
C41. In this case, the cell C41 1s the local cell of the mobile
station U1 (cell in which the mobile station U1 1s registered).
Further, 1n the communication system 20, cooperative trans-
mission with the mobile station U1 1s performed using the cell
C41, which 1s the local cell of the mobile station U1, and other
cells such as the cell C13, the cell C23, etc.

FIG. 3 1s a diagram of an example of a network between
base stations. As depicted in FIG. 3, the base station N1 to N7,
for example, are respectively connected by paths R12 to R14,
R24, R25,R34, R36, R45t0o R47, R57, and R67. For example,
the base station N4 1s connected to the base station N1 by the
path R14. The base station N4 1s further connected to the base
station N2 by the path R24. The paths R12 to R14, R24, R25,
R34, R36, R45 to R47, R57, and R67 are, for example, wired
communication paths and implemented by, for example, an
X2 interface.

Selection of cooperative cells by the base station N4 will be
described. Here, excluding the local cell (cell C41) of the
mobile station U1, the cells are assumed as non-local cells 1
(1=1, 2,3, ...). The calculator 11¢ of the base station N4, for
example, calculates the left-hand side term of expression 1
below. The selector 11d of the base station N4 selects from
among the non-local cells 1 of the mobile station U1 and as a
cooperative cell, for example, a non-local cell 1 that satisfies
expression 1.
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(1)

In equation (1), reception power P, 1s the reception power
of the reference signal from the local cell (cell C41), mea-
sured by the mobile station Ul. Reception power P, 1s the
reception power of the reference signal from the non-local
cell 1, measured by the mobile station Ul. Coellicient w, 1s a
welghting coellicient of the non-local cell 1, set by the setter

115 of the base station N4. v 1s a threshold.

In this manner, the calculator 11¢ of the base station N4
calculates a value for each ratio of the reception power P, of
the non-local cell 1 to the reception power P, of the local cell,
weighted by the coellicient w,. The selector 114 of the base
station N4 compares the threshold v and the values calculated
by the calculator 11¢, and selects as a cooperative cell, a
non-local cell 1 for which the value calculated by the calcu-
lator 11c¢ 1s greater than or equal to the threshold v. Thus, from
among the non-local cells 1, a cell having a large reduction
elfect on interference that 1s consequent to participation i1n
cooperative transmission can be preferentially selected.

The setting of weighting coelficients based on communi-
cation delay between cells will be described. The setter 115 of
the base station N4 sets the coelficient w, 1n expression 1 by,
for example, equation 2 below. In equation (2), delay <, 1s the
amount of itercellular delay between the local cell (the cell
C41) and the non-local cells 1 0f the mobile station Ul. T, 1s

a threshold of the delay ..

{ & (1f T; < TTH) (2)
Ww; =

p af ;= 71ry)

(@ > f)

Thus, the coellicient w, of the non-local cell 1 for which the
delay T, 1s less than the threshold T, becomes greater than the
coellicient w, of the non-local cell 1 for which the delay <, 1s
greater than or equal to the threshold ., (>f3)>. Thus, the
base station N4 sets the coelficient w, of the non-local cell 1 for
which delay T, 1s relatively small, to be greater than the coet-
ficient w, of the non-local cell 1 for which the delay T, 1s
relatively large.

In a non-local cell 1 for which delay 1 1s small, the devia-
tion between information such as scheduling information and
pre-coding control information and the actual wireless propa-
gation path state 1s small. Therefore, a non-local cell 1 for
which delay T, 1s small, the reduction effect on interference
that 1s consequent to cooperative communication 1s large.
Consequently, by giving a large coelficient w, to and prefer-
entially selecting as a cooperative cell, a non-local cell 1 for
which the delay T, 1s small, the reduction effect on interfer-
ence that 1s consequent to cooperative communication can be
improved.

The base station N4 1ncludes a delay acquirer that acquires
the delay T, of intercellular communication between the local
cell of the mobile station Ul and the non-local cell 1. The
delay acquirer of the base station N4, for example, 1s 1mple-
mented by a computation circuit such as a CPU. For example,
the delay T, of intercellular communication between the local
cell of the mobile station Ul and the non-local cell 1 1s pre-
liminarily stored in the memory of the base station N4 and the
delay acquirer of the base station N4 acquires the delay T,
from the memory of the base station N4.

Further, the delay acquirer of the base station N4 may
measure the delay T, of the intercellular communication. For
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example, the delay acquirer of the base station N4 transmits a
response request signal to the non-local cell 1 and acquires the
delay T, by measuring the time that elapses until a signal 1s
received 1n response to the transmitted response request sig-
nal. The setter 115 sets the coellicient w, based on the delay T,
acquired by the delay acquirer of the base station N4.

For example, the cells C42, C43 among the non-local cells
1, are also managed along with the local cell (cell C41) of the
mobile station Ul, by the base station N4 and hence, the
intercellular commumnication delay can be regarded as zero.
Thus, according to equation 2, the cells C42, C43 are prefer-
entially selected as cooperative cells. In this example, the
cells C23, C42 are assumed to be selected as cooperative cells
that are to perform cooperative transmission. Downlink coop-
erative transmission by the cell C41 and the cells C23, C42,

which have been selected as cooperative cells, will be
described.

FI1G. 4 1s a diagram of downlink cooperative transmission.
In FIG. 4, components i1dentical to those depicted 1n FIG. 2
are given the same reference numerals used 1n FIG. 2 and

description thereof 1s omitted. In the example depicted 1n
FI1G. 4, the mobile station Ul 1s located in the cell C41.
Furthermore, a mobile station U2 1s located 1n the cell C23.
For example, 1n the communication system 20, in cooperative
cells managed by the same base station, JT 1s applied and 1n
cooperative cells managed by different base stations, CB 1s
applied.

For example, the base station N4 simultaneously transmits
data from the cells C41, C42 to the mobile station Ul (JT).
Further, the base station N4 performs beam forming with
respect to signals to the mobile station Ul such that interfer-
ence at the mobile station U2 1s reduced (CB). The base
station N2 further uses the cell C23 to transmit data to the
mobile station U2 and further performs beam forming with
respect to signals to the mobile station U2 such that interfer-
ence at the mobile station U1 i1s reduced (CB).

FI1G. 5 1s a tlowchart of a first example of downlink opera-
tions of the base station. Here, an example of operations of the
base station N4, 1n a case where cooperative transmission to
the mobile station Ul 1s performed will be described. The
base station N4 acquires the delay T, of intercellular commu-
nication between the cell C41 of the mobile station U1 and the
non-local cells 1 (step S501).

The base station N4 acquires from the mobile station Ul,
the reception power of each signal to the mobile station Ul
from the nearby cells (step S502). The reception powers
acquired at step S502 include the reception power P, from the
local cell (the cell C41) of the mobile station Ul and the
reception power P, from the non-local cells 1. Based on the
delays T, acquired at step S50, the base station N4 sets weight-
ing coellicients w, for the non-local cells 1 (step S503).

Based on the reception powers acquired at step S502, the
base station N4 calculates values for relative reception pow-
ers (P,/P,) from the non-local cells 1, weighted by the weight-
ing coetlicients w, set at step S503 (step S504). The relative
reception powers from the non-local cells 1 are each a ratio of
the reception power P, from the non-local cell 1 to the recep-
tion power P, from the local cell (the cell C41) of the mobile
station U1.

Based on the values calculated at step S504, the base sta-
tion N4 selects cooperative cell candidates (step S505). The
base station N4 confirms the potential of cooperative trans-
mission by the cooperative cell candidate selected at step
S505 (step S506). The base station N4 recerves from the
mobile station Ul, a CSI report indicating the CSI measure-
ment (step S507).
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The base station transmits to and receives from the coop-
erative cells, coordinated multiple-point transmission and
reception (CoMP) information (step S508). The cooperative
cell with which CoMP information 1s exchanged at step S508
1s, Tor example, a cell among the cooperative cell candidates
selected at the step S505 and exclusive of cells for which
cooperative transmission to the mobile station Ul has been
confirmed as impossible at step S506.

The base station N4 performs cooperative transmission
with the cooperative cell (with which CoMP information was
exchanged at step S508) and the mobile station Ul (step
S5509), and returns to step S502. By recursively performing,
the above steps, the base station N4 can preferentially select
as a cooperative cell, anon-local cell 1 for which the reduction
cifect on interference 1s great.

At step S501, the base station N4 by, for example, prelimi-
narily storing the delays of communication between the base
station N4 and the base stations N1 to N3, N5 to N7, acquires
the mtercellular communication delay T, for each cell. For
example, the base station N4 acquires as the delay T, for the
cell C23, the communication delay between the base station
N4 and the base station N2. Further, since the cell C42 1s a cell
managed by the base station N4, the base station N4 acquires
delay zero as the delay T, for the cell C42.

At step S502, the base station N4, for example, transmits to
the mobile station Ul, a nearby-cell measurement request
requesting measurement of the reception power of reference
signals from nearby cells. The mobile station U1, in response
to the nearby-cell measurement request transmitted from the
base station N4, measures the reception power of the refer-
ence signals from nearby cells and transmits the measurement
results to the base station N4. Thus, the base station N4 can
acquire the reception powers of the nearby cells.

At step S503, the base station N4, for example, sets the
welghting coellicients according to equation 2. At step S504,
the base station N4, for example, according to the left-hand
term of expression 1, calculates a value of the relative recep-
tion power P, of another non-local cell 1to the reception power
P, of the local cell of the mobile station U1, weighted by the
weighting coetticient w,. At step S505, the base station N4,
for example, according to expression 1, selects a cooperative
cell candidate.

At step S506, the base station N4, for example, transmits a
cooperative communication request to the base station that
manages the cooperative cell candidate, and based on a coop-
crative communication request response transmitted 1n
response to the cooperative communication request, confirms
the potential of cooperative transmission. At step S507, the
base station N4, for example, transmits to the mobile station
Ul, a CSIrequest requesting a CSI report and receives a CSI
report transmitted from the mobile station Ul 1n response to
the CSI request.

Further, reception of the CSI report and/or the exchange of
the CoMP information may be performed periodically. For
example, after step S509, the base station N4 returns to step
S507, whereby even 1 wireless propagation characteristics
change consequent to the movement of the mobile station U1,
based on the periodically received CSI report and CoMP
information, communication parameters can be updated and
suitable cooperative transmission can be performed.

FIG. 6 15 a sequence diagram of one example of processes
for cooperative transmission for downlink communication.
The base station N4 uses the cell C41 and transmits a nearby-
cell measurement request to the mobile station Ul (step
S601). The nearby-cell measurement request 1s a signal
requesting measurement of the reception powers of reference
signals from nearby cells. The mobile station U1 transmits to
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the cell C41, a measurement request response to the nearby-
cell measurement request transmitted at step S601 (step
S5602). The measurement request response includes the mea-
surement results for the reception powers of the reference
signals from the nearby cells.

The base station N4, based on the measurement results
included in the measurement request response transmitted at
step S602, selects cooperative cell candidates. In thas
example, the cell C23 and the cell C42 are selected as coop-
erative cell candidates. The base station N4 transmits a coop-
erative communication request to the base station N2, which
manages the cell C23 selected as a cooperative cell candidate
(step S603). Since the cell C42 1s managed by the base station
N4, the base station N4 need not transmit a cooperative com-
munication request related to the cell C42.

The base station N2 transmits to the base station N4, a
cooperative communication request response indicating the
potential of the cooperative transmission requested by the
cooperative communication request transmitted from the
base station N4 at step S603 (step S604). In this example, a
cooperative communication request response indicating that
the cooperative transmission 1s possible 1s assumed to be
transmitted from the base station N2 to the base station N4.

The base station N4 uses the cell C41 and transmits a CSI
request to the mobile station U1 (step S605). The base station
N2 uses the cell C23 and transmits a CSIrequest to the mobile
station U2 (step S606). The CSI requests are signals request-
ing CSI measurement. The mobile station U1, in response to
the CSI request transmitted at step S605, measures CSI and
transmits to the cell C41, a CSI report indicating measure-
ment results (step S607). The mobile station U2, 1n response
to the CSI request transmaitted at step S606, measures CSI and
transmits to the cell C23, a CSI report indicating measure-
ment results (step S608).

The base station N4 transmits CoMP information to the
base station N2 (step S609). The base station N2 transmits
CoMP information to the base station N4 (step S610). The
CoMP information includes information necessary for coop-
erative transmission.

The base station N4 transmits data to the mobile station U1l
by cooperative transmission (JT') via the cell C41 and the cell
C42 (step S611). At step S611, the base station N4 further
performs beam forming with respect to the signal to the
mobile station U1l such that interference at the mobile station
U2 1s reduced (CB). Further, at step S611, based on the CSI
report received at step S607 and the CoMP information
received at step S610, cooperative transmission parameters

are set.

The base station N2 transmits data to the mobile station U2
via the cell C23 (step S612). At step S612, the base station N2
turther performs beam forming with respect to the signal to
the mobile station Ul such that interference at the mobile
station U1 1s reduced (CB). Further, at step S612, based on the
CSI report received at step S608 and CoMP information
received at step S609, cooperative transmission parameters
are set.

FIG. 7 1s a sequence diagram of one example of periodic
exchange of control information for downlink communica-
tion. In FIG. 7, a case where the reception of CSI reports and
the exchange of CoMP information are performed periodi-
cally will be described. For example, after step S612 depicted
in FIG. 6, the base station N4 uses the cell C41 and transmits
a CSI request to the mobile station U1 (step S701). The base
station N2 uses the cell C23 and transmits a CSIrequest to the
mobile station U (step S702).

The mobile station Ul measures CSI 1n response to the CSI
request transmitted at step S701 and transmiuts to the cell C41,
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a CSI report indicating the measurement results (step S703).
The mobile station U2 measures CSI 1n response to the CSI
request transmitted at step S702 and transmiuts to the cell C23,
a CSI report indicating the measurement results (step S704).
The base station N4 transmits CoMP information to the base
station N2 (step S705). The base station N2 transmits CoMP
information to the base station N4 (step S706).

The base station N4 transmits data to the mobile station U1
by cooperative transmission via the cell C41 and the cell C42
(step S707). The base station N2 transmits data to the mobile
station U2 via the cell C23 (step S708). The base station N4
transmits data to the mobile station Ul by cooperative trans-
mission via the cell C41 and the cell C42 (step S709). The
base station N2 transmits data to the mobile station U2 via the
cell C23 (step S710). The base station N4 transmits data to the
mobile station Ul by cooperative transmission via the cell
C41 and the cell C42 (step S711). The base station N2 trans-
mits data to the mobaile station U2 via the cell C23 (step S712).

At steps ST707, 8709, and S711, the base station N4 per-

forms beam forming with respect to the signal to the mobile
station U1 such that interference at the mobile station U2 1s
reduced. Further, at steps S707, 8709, and 5711, the base
station N4 sets cooperative transmission parameters based on
the CSI report recerved at step S703 and the CoMP informa-
tion recerved at step S706.

At steps S708, S710, and S712, the base station N2 per-
forms beam forming with respect to the signal to the mobile
station U2 such that interference at the mobile station Ul 1s
reduced. Further, at steps S708, S710, and S712, the base
station N2 sets cooperative transmission parameters based on
the CSI report recerved at step S704 and the CoMP informa-
tion recerved at step S705.

Steps S713 to 8722 are 1dentical to steps S701 to S710 and
description thereof will be omitted. In this manner, periodic
reception of CSI reports and periodic exchange of CoMP
information while cooperative transmission to the mobile
station Ul and the mobile station U2 1s performed, enables
suitable cooperative transmission to be performed even 1f
wireless propagation characteristics change consequent to the
movement of the mobile station U1 and/or the mobile station
U2.

FIG. 8 1s a sequence diagram of one example of periodic
cooperative cell updating for downlink communication.
Steps S801 to S804 depicted 1n FIG. 8 are identical to steps
S601 to S604 depicted in FIG. 6. When a given period of time
has elapsed after step S804, the base station N4 uses the cell
C41 to transmit a nearby-cell measurement request to the

mobile station Ul (step S805).

The mobile station Ul transmits to the cell C41, a mea-
surement request response in response to the nearby-cell
measurement request transmitted at step S805 (step S806).
The base station N4, based on measurement results included
in the measurement request response transmitted at step
S806, selects cooperative cell candidates. In this example, the
cell C31 and the cell C42 are assumed to be selected as
cooperative cell candidates.

The base station N4 transmits notification of cooperative
communication completion to the base station N2, which
manages the cell C23 not selected as a cooperative cell can-
didate (step S807). The base station N2 transmits to the base
station N4, a completion nofification response that i1s 1n
response to the notification of cooperative communication
completion transmaitted at step S807 (step S808).

The base station N4 transmits a cooperative communica-
tion request to the cell C31 selected as a cooperative cell
candidate (step S809). The base station N3 transmits to the
base station N4, a cooperative communication request
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response 1indicating the potential of the cooperative transmis-
sion requested by the cooperative communication request
transmitted at step S809 (step S810). In this example, a coop-
erative communication request response indicating that the
cooperative transmission 1s possible, 1s assumed to be trans-
mitted from the base station N3 to the base station N4.

Thus, cooperative transmission using the cell C23 and the
cell C42 can be switched to cooperative transmission using
the cell C31 and the cell C42. In this manner, the reception
power at the mobile station U1 is periodically measured and
the cooperative cells are updated, enabling suitable coopera-
tive transmission to be performed, even if wireless propaga-
tion characteristics change consequent to the movement of
the mobile station Ul.

The setting weighting of coellicient based on traveling
speed of mobile station will be described. The base station N4
may set the coefficient w, of expression 1 by, for example,
equation 3. In equation 3, delay t,1s the delay of intercellular
communication between the local cell (cell C41) of the
mobile station U1 and the non-local cell 1. Estimated speed v,
1s the estimated speed of a mobile station 1 in the local cell
(cell C41) of the mobile station 1. Threshold ¢, 1s a threshold
of the product ot the delay T, and the estimated speed v..

(3)

4 (lf Vit < CTH )

WEZ{ﬁ (lf VJTEECTH) (w:}ﬁ)

Thus, the coetficient w, of a non-local cell 1 for which the
product of the delay 1 and the estimated speed v, 1s less than
the threshold ¢, 1s greater than the coefficient w, of a non-
local cell 1 for which the product of the delay T, and the
estimated speed v, 1s greater than or equal to the threshold ¢,
(c>[3). In this manner, the base station N4 sets the coellicient
w. of a non-local cell 1 for which the product of the intercel-
lular communication delay and the estimated speed 1s rela-
tively small, to be greater than the intercellular communica-
tion coetticient w, of a non-local cell 1 for which the product
of the intercellular communication delay and the estimated
speed 1s relatively large.

In a non-local cell 1 for which the intercellular communi-
cation delay 1s small, the deviation between information
(such as scheduling information and pre-coding control infor-
mation) and the actual wireless propagation path state 1s
small. Further, this deviation becomes smaller, the slower the
traveling speed of the mobile station 1s. Therefore, for a
non-local cell 1 for which the product of the delay T, and the
estimated speed v, 1s small, the reduction etfect on interter-
ence that 1s consequent to cooperative communication 1s
large. Consequently, the coetlicient w, of a non-local cell 1 for
which the product of the delay T, and the estimated speed v, 1s
small 1s made large and the non-local cell 1 1s preferentially
selected as a cooperative cell, whereby the reduction effect on
interference that 1s consequent to cooperative communication
can be improved.

The base station N4 includes an estimator that estimates as
the estimated speed v, the traveling speed ot the mobile
station Ul. The estimator of the base station N4 1s, for
example, implemented by a computing circuit such as a CPU.
The estimator of the base station N4, for example, periodi-
cally estimates the traveling speed of each mobile station for
handover 1n the cells C41 to C43 managed by the base station
N4. The setter 115 sets each coellicient w,, based on the
estimated speeds v, estimated by the estimator of the base
station N4.
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FIG. 9 1s a flowchart of a second example of downlink
operations of the base station. Here, an example of operations
ol the base station N4 will be described for a case where the

coellicient w, 1s set based on the product of the delay t,and the
estimated speed v,. Steps 5901, 8902 depicted in FIG. 9 are
identical to steps S501, S502 depicted in FIG. 5 and descrip-

tion thereol will be omitted. Subsequent to step S902, the base
station N4 estimates the traveling speed of the mobile station
U1 (step S903).

Steps S904 to S910 depicted 1n FIG. 9 are 1dentical to steps
S503 to S509 depicted 1in FIG. 5. However, at step S904, the
welghting coellicient w, of the non-local cell 1 1s set based on
the delay T, acquired at step S901 and the estimated speed v,
of the mobile station Ul, estimated at step S903 (step S904).

Thus, the estimated speed v, of the mobile station U1 1s
estimated; and based on the delay T, and the estimated speed
v,, the weighting coetficient w, of the non-local cell 1 1s set,
thereby enabling a non-local cell 1 having a large reduction
cifect on interference to be preferentially selected as a coop-
erative cell.

The setting of weight coelficients, based on the applicable
cooperative communication scheme will be described. The
base station N4 may set the coetlicient w, of expression 1 by,
for example, equation 4. In equation 4, condition “JT can be
used” 1s a condition indicating that JT 1s applicable in a
non-local cell 1. Condition “only CB/CS can be used” 1s a
condition indicating that 1n a non-local cell 1, only CB or CS
1s applicable and JT 1s not applicable.

(1f JT can be used)

e (4)
W = .
£ af only CB/CScan be used)

(a > f)

Thus, the coetlicient w, of a non-local cell 1 for which JT 1s
applicable 1s greater than the coetlicient w, of a non-local cell
1for which I'T 1s not applicable (o>{3). In this manner, the base
station N4 sets the coellicient w, of a non-local cell 1 accord-
ing to an applicable cooperative communication scheme.

A non-local cell 1 for which JT 1s applicable has a large
reduction effect on interference that 1s consequent to coop-
erative communication as compared to a non-local cell 1 for
which JT 1s not applicable. Consequently, the coelficient w, of
a given non-local cell 1 for which IT applicable 1s made
greater than the coetlicient w, of anon-local cell 1 for which JT
1s not applicable and the given non-local cell 11s preferentially
selected as a cooperative cell, thereby enabling the reduction
cifect on interference that 1s consequent to cooperative com-
munication to be improved.

The base station N4 includes a scheme acquirer that
acquires the cooperative communication scheme applicable
to a non-local cell 1. The scheme acquirer of the base station
N4, for example, 1s implemented by a computing circuit such
as a CPU. For example, information that includes a coopera-
tive communication scheme applicable to the non-local cell 1
1s preliminarily stored to a memory of the base station N4 and
the scheme acquirer of the base station N4 acquires from the
memory of the base station N4, the applicable cooperative
communication scheme for the non-local cell 1.

The scheme acquirer of the base station N4 may receive
from a non-local cell 1, a cooperative communication scheme
that 1s applicable to the non-local cell 1. For example, the
scheme acquirer of the base station N4 transmits to a scheme
notification request to a non-local cell 1 and acquires a coop-
erative communication scheme applicable to the non-local
cell 1, from information notified by the non-local cell 1 1n
response to the transmitted scheme notification request. The
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setter 115 sets the coellicient w, based on the cooperative
communication scheme acquired by the scheme acquirer of
the base station N4.

FIG. 10 1s a flowchart of a third example of downlink
operations of the base station. Here, an example of operations
of the base station N4 will be described for a case where the
coellicient w, 1s set based on the applicable cooperative com-
munication scheme. The base station N4 acquires nearby cell
information related to nearby cells of the mobile station Ul
(step S1001). The nearby cell information includes informa-
tion indicating the cooperative communication scheme appli-
cable to the non-local cell 1.

Steps S1002 to S1009 depicted 1n FIG. 10 are 1dentical to
steps S502 to S509 depicted i FIG. 5. However, at step
51003, the weighting coetlicient wi of the non-local cell 11s
set based on the applicable cooperative communication
scheme of the non-local cell 1, indicated 1n the nearby cell
information acquired at step S1001.

Thus, the nearby cell information 1s acquired and based on
the applicable cooperative communication scheme of the
non-local cell 1, the weighting coetlicient w, of the non-local
cell 11s set, thereby enabling a non-local cell 1 having large
reduction effect on interference that 1s consequent to coop-
erative communication, to be selected as a cooperative cell.

The setting of weighting coellicients based on parameters
will be described. The base station N4 may set the coelficient
w. of expression 1 by, for example, equation 5. In equation 5,
a weighting function 1, 1s a weighting function by a k-th
parameter. X, 1s the k-th parameter and ¢ 1s a constant.

(3)

| Je(xg)

FIG. 1A 1s a diagram of an example of the parameters and
welghting functions. The memory of the base station N4
stores therein, for example, a table 1100 depicted in FIG. 1A.
The table 1100 associates k-th parameters (k=1 to 5) and
weilghting functions 1. The first parameter 1s the intercellular
communication delay for the non-local cell 1 and for example,
1s the delay t,. The weighting function 1, corresponding to the
first parameter 1s a function that decreases as the delay
1ncreases.

The second parameter 1s the traveling speed of the mobile
station and for example, 1s the estimated speed v,. The weight-
ing function 1, corresponding to the second parameter 1s a
function that decreases as the traveling speed increases. The
third parameter 1s the cooperative communication scheme
applicable 1n the non-local cell 1. The weighting function 1,
corresponding to the third parameter 1s a function that i1s
greater when JT 1s applicable as compared to when CB or CS
1s applicable (when JT 1s not applicable).

The fourth parameter 1s a transmission antenna count for
the non-local cell 1. The weighting function 1, corresponding
to the fourth parameter 1s a function that decreases as the
antenna count decreases. The fifth parameter 1s the number of
users for which communication 1s multiplexed in the non-
local cell 1. The weighting function 1, corresponding to the
fifth parameter 1s a function that decreases as the number of
users 1ncreases.

For example, the setter 115 of the base station N4 receives
from each base station, nearby cell information that includes
information such as the third and fourth parameters; and uses
the received nearby cell information, the table 1100, and
equation 5 to set the coellicient w, of the non-local cell 1.
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Thus, the base station according to the first embodiment
enables a cell having a large reduction effect on interference
to be preferentially selected as a cooperative cell for coopera-
tive transmission, by selecting the cooperative cell based on
the reception power of each cell, weighted by the coelficient
set for the cell. Consequently, interference 1s reduced,
enabling communication quality to be improved. Further,
cells for which the reduction effect on interference 1s small
are excluded from the cooperative cells, whereby the number
of cooperative cells that communicate to perform the coop-
crative transmission, the measurement processing at the
mobile station, and the volume of feedback information from
the mobile station to the base station can be decreased.

In the first embodiment, cooperative transmission for
downlink communication was described. In a second
embodiment, cooperative reception for uplink communica-
tion will be described.

FIG. 12A 15 a block diagram of the communication system
according to a second embodiment. In FIG. 12A, components
identical those depicted 1 FIGS. 1A and 1B are given the
same reference numerals used in FIGS. 1A and 1B, and
description thereof 1s omitted. The communication system 10
depicted 1n FIG. 12A 1s a communication system that per-
forms cooperative reception with respect to the mobile station
12, via cooperative cells. The base station 11 1s a base station
that requests base stations forming nearby cells (e.g., cells
C2, C3) of the mobile station 12 to perform cooperative
reception.

The acquirer 11a of the base station 11 acquires the inter-
ference power from the mobile station 12 to the nearby cells
of the mobile station 12. For example, the acquirer 11a
acquires the interference power of the local cell (cell C1) of
the mobile station 12 and the interference power for each of
the non-local cells (cells C2, C3) that are different from the
local cell of the mobile station 12. The acquirer 11a notifies
the calculator 11c¢ of each acquired propagation loss.

For example, the acquirer 11a acquires, as the interference
power irom the mobile station 12 to the nearby cell, the
propagation loss for each downlink reference signal transmuit-
ted from the nearby cells to the mobile station 12. For
example, the acquirer 11a transmits to the mobile station 12,
a nearby cell estimation request requesting estimation of the
propagation loss from the mobile station 12 to the nearby
cells. The mobile station 12, in response to the nearby cell
estimation request from the acquirer 11a, estimates the propa-
gation loss ol the reference signals from the cells C1 to C3 and
transmits the estimation results to the base station 11. The
acquirer 11a acquires the propagation losses transmitted from
the mobile station 12.

Alternatively, the acquirer 11a may acquire from the cells
C1 to C3 and as the iterference power from the mobile
station 12 to the nearby cells, the propagation loss of each
uplink reference signal S1 to S3 transmitted from the mobile
station 12 to the cells C1 to C3. For example, the acquirer 11a
transmits to the mobile station 12, a nearby cell estimation
request requesting estimation of the propagation loss from the
mobile station 12 to the nearby cells. The mobile station12, in
response to the nearby cell estimation request from the
acquirer 11qa, transmits reference signals S1 to S3 to the cells
C1 to C3. The mobile station 12 receives from the cells C1 to
C3, the propagation losses estimated by the cells C1 to C3
based on the reference signals S1 to S3; and transmits the
received propagation losses to the base station 11. The
acquirer 11a acquires the propagation losses transmitted from
the mobile station 12.

The calculator 11¢ calculates values for the interference
powers notified by the acquirer 11a, weighted by coetlicients
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notified by the setter 115. For example, the calculator 11c¢
calculates a ratio of the interference power of each non-local
cell with respect to the itertference power of the local cell,
weilghted by the corresponding coefficient. In other words,
the calculator 11¢ calculates an interference power ratio for
the cell C1 and the cell C2, weighted by the coefficient for the

cell C2; and an interference power ratio for the cell C1 and the
11 C3, weighted by the coellicient of the cell C3. The cal-

ce
culator 11c¢ notifies the selector 114 of the calculated values.

The controller 11¢ uses the cooperative cell notified by the
selector 114 to perform cooperative reception with respect to
the mobile station 12. For example, 11 the cell C2 1s selected as

a cooperative cell by the selector 11d, the controller 11e uses
the cell C1 (which 1s the local cell of the mobile station 12)

and the cell C2 (which has been selected as a cooperative cell)

and performs cooperative reception with respect to the mobile
station 12.

For example, 11 the cell C2 1s a cell managed by the base
station 11, the controller 11e controls the cell C1 and the cell
C2 such that the cell C1 and the cell C2 cooperate and recerve
data. Further, 11 the cell C2 1s a cell that 1s managed by a base
station 1s different from the base station 11, the controller 11e
transmits to the base station managing the cell C2, a coopera-
tive communication request to recerve cooperation with the
data reception by the cell C1 and the reception of data.

FIG. 12B 1s a block diagram of the mobile station accord-
ing to the second embodiment. In FIG. 12B, components
identical to those depicted i FIG. 1B are given the same
reference numerals used in FIG. 1B and description thereof 1s
omitted. As depicted 1in FIG. 12B, the mobile station 12
according to the second embodiment includes an estimator
12d, the notifier 125, and a transmitter 12e.

The estimator 124 estimates the interference power from
the mobile station 12 to the nearby cells (cells C1 to C3). The
estimator 124 outputs the estimated interference powers to
the notifier 125. The notifier 125 notifies the base station 11 of
the mterference powers output from the estimator 124 (refer-
ence numeral A2). For example, when a nearby cell estima-
tion request 1s transmitted from the base station 11, the esti-
mator 124 estimates the interference power to the nearby cells
and the notifier 1256 transmits the estimation results to the base
station 11.

Thus, the base station 11 calculates values for the interfer-
ence power from the mobile station 12 to the nearby cells,
weighted by the coeflicients set for the nearby cells of the
mobile station 12; and based on the calculated values, selects
cooperative cells. The transmitter 12¢ of the mobile station 12
transmits data to be cooperatively recerved using the coop-
crative cells selected by the base station 11.

Thus, the transmitter 12e can transmit data that 1s to be
cooperatively recerved by a portion of or all of the cells
selected from among the nearby cells, the cells being selected
based on the values of the interference power from the mobile
station 12 to the nearby cells and the values being weighted by
the nearby-cell-specific coefficients. For example, the trans-
mitter 12¢ transmits data D1, D3 to be cooperatively recerved
by the cell C1 and the cell C2.

FIG. 13 1s a diagram of a first example of cooperative
reception for uplink communication. In FIG. 13, components
identical to those depicted 1n FIG. 2 are given the same
reference numerals used 1n FIG. 2 and description thereof 1s
omitted. In this example, 1n the communication system 20,
cooperative reception 1s assumed where the cell C41, which s
the local cell of the mobile station U1, and other cells such as
the cell C13 and the cell C23 are used to cooperatively receive
data from the mobile station Ul.
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Selection of cooperative cells by the base station N4 will be
described. Here, from among the non-local cells 1 of the
mobile station U1, the base station N4 selects as a cooperative
cell, anon-local cell 1 that for example, satisfies expression 6.

Wi PL,'
PLy

(6)

=Y

In expression 6, propagation loss PL, 1s the propagation
loss of the reference signal from the mobile station U1 to the
local cell (cell C41) of the mobile station Ul. Propagation
loss PL, 1s the propagation loss of the reference signal from
mobile station U1 to the non-local cell 1. The coetfficient w, 1s
the weighting coefficient of the non-local cell 1. vy 1s a thresh-

old. The setting of the coellicient w, 1s 1dentical to the setting
of the coellicient w, described in the first embodiment and
description thereot 1s omitted.

FIG. 14 1s a diagram of a second example of cooperative
reception for uplink commumnication. In FIG. 14, components
identical to those depicted 1n FI1G. 4 and FI1G. 13 are given the
same reference numerals used in F1GS. 4 and 13, and descrip-
tion thereof 1s omitted. In the communication system 20, the
base station N4 simultaneously receives data from the mobile
station U1 via the cells C41, C42 (IT). The mobile station U1
performs beam forming with respect to the signal to the cells
C41, C42 such that interference at the cell C23 1s reduced
(CB).

The base station N2 uses the cell C23 to receive data from
the mobile station U2. The mobile station U2 performs beam
forming with respect to the signal to the cell C23 such that
interference at the cells C41, C42 1s reduced (CB).

FIG. 15 1s a flowchart of a first example of uplink opera-
tions of the base station. Here, an example of operations of the
base station N4, 1n a case where cooperative reception of data
from the mobile station U1 1s performed. The base station N4
acquires the delay T, of intercellular communication between
the cell C41 and each of the non-local cells 1 of the mobile
station U1 (step S1501).

The base station N4 acquires the propagation loss that 1s
between the mobile station Ul and each of the nearby cells
and estimated by the mobile station Ul (step S1502). The
propagation loss between the mobile station Ul and each of
the nearby cells includes the propagation loss PL, of the local
cell (cell C41) the mobile station U1 and propagation loss PL,
of the non-local cell 1. Based on the delays T, acquired at step
S1501, the base station N4 sets the weighting coellicients w,
tor the non-local cells 1 (step S1503).

Based on the propagation losses acquired at step S1502, the
base station N4 calculates values for relative propagation
losses, weighted by the weighting coetlicients w, set at step
S1503 (step S1504). A relative propagation loss 1s a ratio of
the propagation loss PL, ot the non-local cell to the propaga-
tion loss PL, of the local cell of the mobile station Ul. Based
on the values calculated at step S1504, the base station N4
selects cooperative cell candidates (step S1505).

The base station N4 confirms the potential of cooperative
reception by the cooperative cell candidates selected at step
S1505 (step S1506). The base station N4 exchanges CoMP
information with the cooperative cells (step S1507). The
cooperative cells with which CoMP information 1s
exchanged, are, for example, cells among the cooperative cell
candidates selected at step S15035 and exclusive of cells for
which cooperative reception has been confirmed as 1mpos-
sible at step S1506. The CoMP information, for example, are
values, such as scheduling and antenna weighting informa-
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tion for cooperative reception, calculated based on estimation
results obtained by performing uplink propagation path esti-
mation based on reference signals from the mobile station U1l.

The base station N4, together with cooperative cells with
which the CoMP information was exchanged at step S1507,
performs cooperative reception of the data from the mobile
station U1 (step S1508), and returns to step S1502. By recur-
stvely performing the steps above, the base station N4 can
select as a cooperative cell, a non-local cell 1 having a large
reduction effect on interference.

At step S1502, the base station N4, for example, transmits
to the mobile station Ul, a nearby cell estimation request
requesting estimation of the propagation loss from the mobile
station Ul to each nearby cell. The mobile station Ul, 1n
response to the nearby cell estimation request transmitted
from the base station N4, estimates the propagation loss for
cach nearby cell and transmits the estimation results to the
base station N4, whereby the base station N4 1s able to acquire

the propagation loss for each nearby cell.

At step S1504, by expression 6, the base station N4, for
example, calculates a value that 1s weighted by the weighting
coefficient w, and for the relative propagation loss of the
non-local cell P, with respect to the propagation loss PL, of
the local cell of the mobile station U1. The exchange of CoMP
information may be performed periodically. For example,
configuration may be such that after step S1508, the base
station N4 returns to step S1507. Consequently, even 11 wire-
less propagation characteristics change consequent to the
movement of the mobile station Ul, communication param-
cters can be updated based on the periodically recerved CSI
reports and CoMP information, and suitable cooperative
reception can be performed.

FI1G. 16 1s a sequence diagram of one example ol processes
for cooperative reception for uplink communication. The
base station N4 uses the cell C41 and transmits a nearby cell
estimation request to the mobile station U1 (step S1601). The
nearby cell estimation request 1s a signal requesting estima-
tion of the propagation loss for each nearby cell. The mobile
station Ul transmits to the cell C41, an estimation request
response 1n response to the nearby cell estimation request
transmitted at step S1601 (step S1602). The estimation
request response includes the propagation loss for each
nearby cell.

The base station N4, based on the estimation results
included in the estimation request response transmitted at
step S1602, selects cooperative cell candidates. In thas
example, the cell C23 and the cell C42 are assumed to be
selected as cooperative cell candidates. The base station N4
transmits a cooperative communication request to the base
station N2 managing the cell C23 selected as a cooperative
cell candidate (step S1603). The cell C42 1s a cell managed by
the base station N4 and theretfore, the base station N4 need not
transmit a cooperative communication request to the cell
C42.

The base station N2 transmits to the base station N4, a
cooperative communication request response that 1s 1n
response to the cooperative communication request transmit-
ted from the base station N4 at step S1603 and that indicates
the potential of cooperative reception (step S1604). In this
example, a cooperative communication request response

indicating that the cooperative reception 1s possible 1is
assumed to transmitted from the base station N2 to the base
station N4. The base station N4 transmits CoMP information
to the base station N4 (step S16035). The base station N2
transmits CoMP information to the base station N2 (step
51606).

10

15

20

25

30

35

40

45

50

55

60

65

18

The base station N4 recerves data from the mobile station
U1 by cooperative reception (JT) via the cell C41 and the cell
C42 (step S1607). At step S1607, the mobile station Ul
performs beam forming with respect to the signals to the cell
C41 and the cell C42 such that interference at the cell C23 1s
reduced (CB). Further, at step S1607, based on the CSI report
received at step S1604 and the CoMP information received at
step S1606, cooperative reception parameters are set.

The base station N2 recerves data from the mobile station
U2 via the cell C23 (step S1608). At step S1608, the mobile
station U2 performs beam forming with respect to the signal
to the cell C23 such that interference at the cell C41 and the
cell C42 1s reduced (CB). Further, at step S1608, based on the
CSI report recerved at step S1603 and the CoMP information
received at step S1605, cooperative reception parameters are
set.

FIG. 17 1s a sequence diagram of one example of periodic
exchange of control information for uplink communication.
In FIG. 17, a case where the exchange of CoMP information
performed periodically will be described. For example, after
step S1608 depicted 1n FI1G. 16, the base station N4 transmuts
CoMP mformation to the base station N2 (step S1701). The
base station N2 transmits CoMP information to the base
station N4 (step S1702).

The base station N4 recerves data from the mobile station
U1 by cooperative reception via the cell C41 and the cell C42
(step S1703). The base station N2 recerves data from the
mobile station U2 via the cell C23 (step S1704). The base
station N4 receives data from the mobile station Ul by coop-
crative reception via the cell C41 and the cell C42 (step
S1705). The base station N2 receives data from the mobile
station U2 via the cell C23 (step S1706). The base station N4
receives data from the mobile station Ul by cooperative
reception via the cell C41 and the cell C42 (step S1707). The
base station N2 receives data from the mobile station U2 via
the cell C23 (step S1708).

At steps S1703, 51705, and S1707, the mobile station Ul
performs beam forming with respect to the signals to the cells
C41, C42 such that interference at the cell C23 1s reduced. At
steps S1704, S1706, and S1708, the mobile station U2 per-
forms beam forming with respect to the signal to the cell C23
such that interference at the cells C41, C42 1s reduced.

Steps S1709 to S1714 are 1dentical to steps S1701 to S1706
and description thereof 1s omitted. In this manner, periodic
exchange of CoMP information while cooperative reception
with respect to the mobile station Ul and the mobile station
U2 1s performed, enables suitable cooperative reception to be
performed, even 1 wireless propagation characteristics
change consequent to the movement of the mobile station Ul
and/or the mobile station U2.

FIG. 18 15 a sequence diagram of one example of periodic
cooperative cell updating for uplink communication. Steps
S1801 to S1804 depicted 1n FIG. 18 are identical to steps
S1601 to S1604 depicted 1n FIG. 16. When a given period of
time has elapsed atter step S1804, the base station N4 uses the
cell C41 and transmits a nearby cell estimation request to the
mobile station U1 (step S1805). The mobile station Ul trans-
mits to the cell C41, an estimation request response in
response to the nearby cell estimation request transmitted at
step S1805 (step S1806).

The base station N4, based on the estimation results
included in the estimation request response transmitted at
step S1806, selects cooperative cell candidates. In this
example, the cell C31 and the cell C42 are assumed to be
selected as cooperative cell candidates.

The base station N4 transmits notification of cooperative
communication completion to the base station N2, which
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manages the cell C23 not selected as a cooperative cell can-
didate (step S1807). The base station N2 transmits to the base
station N4, a completion notification response 1n response to
the notification of cooperative communication completion
transmitted at step S1807 (step S1808).

The base station N4 transmits a cooperative communica-
tion request to the cell C31 selected as a cooperative cell
candidate (step S1809). The base station N3 transmits to the
base station N4, a cooperative communication request
response indicating the potential of the cooperative reception
requested by the cooperative communication request trans-
mitted at step S1809 (step S1810). In this example, a coop-
erative communication request response indicating that the
cooperative reception 1s possible, 1s assumed to be transmit-
ted from the base station N3 to the base station N4.

Thus, cooperative reception using the cell C23 and the cell
C42 can be switched to cooperative reception using the cell
C31 and the cell C42. In this manner, the propagation loss at
the mobile station Ul 1s periodically estimated and the coop-
crative cells are updated, enabling suitable cooperative recep-
tion to be performed, even 1f wireless propagation character-
istics change consequent to the movement of the mobile
station Ul.

The setting of weighting coelficients based on traveling
speed of mobile station will be described. The base station
N4, by setting the coeflicient w, of expression 6 by, for
example, equation 3, may set the coelficient w, based on the
product of the delay T, and the estimated speed v,

FIG. 19 1s a tflowchart of a second example of uplink
operations of the base station. Here, an example of operations
ol the base station N4 will be described for a case where the

coellicient w, 1s set based on the product of the delay T, and the
estimated speed v,. Steps S1901, S1902 depicted 1n FIG. 1

are 1dentical to steps S1501, S1502 depicted in FIG. 15.
Subsequent to step S1902, the base station N4 estimates the
traveling speed of the mobile station Ul (step S1903).

Steps S1904 to S1909 depicted 1n FIG. 19 are 1dentical to
steps S13503 to S1508 depicted in FIG. 15. However, at step
51904, the weighting coetlicient w, 1s set based on the delay
T, acquired at step S1901 and the estimated speed v, of the
mobile station Ul estimated at step S1903 (step S1904).

Thus, the estimated speed v, of the mobile station U1 1s
estimated, and based on the delay T, and the estimated speed
v;, the weighting coetficient w, of the non-local cell 11s set,
thereby enabling a non-local cell 1 having a large reduction
cifect on interference to be preferentially selected as a coop-
erative cell.

The setting of weighting coellicients, based on the appli-
cable cooperative communication scheme will be described.
The base station N4, by setting the coefficient w, 1n expression
6 by, for example, equation 4, may set the coelfficient w, based
on the applicable cooperative communication scheme.

FI1G. 20 1s a flowchart of a third example of uplink opera-
tions of the base station. Here, an example of operation of the
base station N4 will be described for a case where the coel-
ficient w, 1s set based on the applicable cooperative commu-
nication scheme. The base station N4 acquires nearby cell
information related to nearby cells of the mobile station Ul
(step S2001). The nearby cell information includes informa-
tion indicating the cooperative communication scheme appli-
cable 1n the non-local cell 1.

Steps S2002 to S2008 depicted 1n FIG. 20 are 1dentical to
steps S1502 to S1508 depicted in FIG. 15. However, at step
52003, the weighting coetlicient w, of the non-local cell 11s
set based on the applicable cooperative communication
scheme of non-local cell 1, indicated 1n the nearby cell infor-
mation acquired at step S2001.
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Thus, the nearby cell information 1s acquired and based on
the applicable cooperative communication scheme of the
non-local cell 1, the weighting coelficient w, of the non-local
cell 11s set, thereby enabling a non-local cell 1 having a large
reduction effect on interference that 1s consequent to coop-
erative communication, to be selected as a cooperative cell.

In this manner, the base station according to the second
embodiment enables a cell having a large reduction effect on
interference to be preferentially selected as a cooperative cell
for cooperative reception, by selecting the cooperative cell
based on the reception power of each cell, weighted by the
coelficient set for the cell. As a result, interference 1s reduced,
enabling communication quality to be improved. Further,
cells for which the reduction effect on interference 1s small
are excluded from the cooperative cells, whereby the number
ol cooperative cells that communicate to perform the coop-
erative reception, the measurement processing at the mobile
station, and the volume of feedback information from the
mobile station to the base station can be decreased.

As described, according to the base station, the communi-
cation method, and the mobile station, a cell having a large
reduction effect on interference 1s preferentially selected as a
cooperative cell, thereby enabling communication quality to
be improved.

According to the disclosed base station, communication
method, and mobile station, communication quality can be
improved.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader 1n under-
standing the mvention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present invention have been described 1n detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the 1nvention.

What 1s claimed 1s:

1. A base station that requests cooperative transmission of
a base station forming a nearby cell that 1s near a mobile
station, the base station comprising:

a setter that sets a coellicient of each nearby cell;

an acquirer that acquires a reception power for each nearby

cell of the mobile station; and
a selector that based on each value for each acquired recep-
tion power weighted by the coellicient of the nearby cell
and from among the nearby cells, selects a cell of which
the cooperative transmission 1s to be requested, wherein

the setter sets the coelficients based on intercellular com-
munication delays of the nearby cells.

2. The base station according to claim 1 and further com-
pPrising

a controller that performs the cooperative transmission

using the cell selected by the selector.

3. The base station according to claim 1, further compris-
ng:

a calculator, wherein

the acquirer acquires the reception power of a local cell of

the mobile station and the reception power of each non-
local cell that are among the nearby cells and different
from the local cell, and

the calculator calculates a ratio of the reception power of

cach non-local cell with respect to the reception power
of the local cell, the ratio being weighted by the coetli-
cient of the non-local cell.
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4. The base station according to claim 1, wherein

the selector compares the each value with a threshold and
based on a comparison result, selects the cell of which
the cooperative transmission 1s to be requested.

5. The base station according to claim 3

the setter sets, for a non-local cell among the non-local

cells and having, with respect to intercellular communi-
cation with the local cell, a delay that 1s smaller than a
delay threshold, a coefficient that 1s larger than that set
for a non-local cell having a delay larger than the delay
threshold.

6. The base station according to claim 5 and further com-
Prising

a delay acquirer that acquires the delay of each non-local

cell, wherein

the setter sets the coelficients, based on the acquired

delays.

7. The base station according to claim 5, wherein

the setter, for a non-local cell among the non-local cells and

for which the product of traveling speed of the mobile
station and the delay 1s smaller than a product threshold,
sets a coellicient that 1s larger than that set for a non-local
cell for which the product i1s larger than the product
threshold.

8. The base station according to claim 7 and further com-
Prising

an estimator that estimates the traveling speed of the

mobile station, wherein

the setter sets the coellicients, based on the traveling speed

estimated by the estimator.

9. The base station according to claim 3

the setter sets the coelficient of each nearby cell, based on

an applicable cooperative communication scheme 1n the
non-local cell.

10. The base station according to claim 9 and further com-
prising

a scheme acquirer that acquires the cooperative communi-

cation scheme from each non-local cell, wherein

the setter sets the coetlicients, based on the cooperative

communication schemes acquired by the scheme
acquirer.

11. A base station that requests cooperative reception of a
base station forming a nearby cell that 1s near a mobile station,
the base station comprising:

a setter that sets a coellicient of each nearby cell;

an acquirer that acquires interference power that 1s from the

mobile station to each nearby cell of the mobile station;
and

a selector that based on each value for each acquired inter-

ference power weighted by a coellicient for the nearby
cell and from among the nearby cells, selects a cell of
which the cooperative reception 1s to be requested,
wherein
the setter sets the coetlicients based on intercellular com-
munication delays of the nearby cells.
12. The base station according to claim 11, wherein
the acquirer acquires as the interference power, propaga-
tion loss from each nearby cell to the mobile station.
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13. A communication method of requesting cooperative
transmission ol a base station forming a nearby cell that 1s
near a mobile station, the communication method compris-
ng:

setting a coelficient of each nearby cell;

acquiring a reception power for each nearby cell of the

mobile station; and

selecting based on each value for each acquired reception
power weighted by a coelficient of the nearby cell, a cell
of which the cooperative transmission 1s to be requested,
wherein

the coetlicients are set based on intercellular communica-
tion delays of the nearby cells.

14. A communication method of requesting cooperative
reception of a base station forming a nearby cell that 1s near a
mobile station, the communication method comprising:

setting a coellicient of each nearby cell;

acquiring interference power that 1s from the mobile station
to each nearby cell of the mobile station; and

selecting based on each value for each acquired interter-
ence power weighted by a coelficient for the nearby cell,
a cell of which the cooperative reception 1s to be
requested, wherein

the coellicients are set based on intercellular communica-
tion delays of the nearby cells.

15. A mobile station comprising;:

a recerver that receives data cooperatively transmitted from
a portion of or all cells selected from among cells nearby
the mobile station, the cells being selected based on
values that are for reception powers from the nearby
cells and are weighted by cell-specific coellicients,
wherein the coellicients are set based on intercellular
communication delays of nearby cells.

16. A mobile station comprising;:

a transmitter that transmits data to be cooperatively
received by a portion of or all cells selected from among
cells nearby the mobile station, the cells being selected
based on values that are for mterference power that 1s
from the mobile station to each nearby cell and that are
welghted by cell-specific coelficients, wherein the coet-
ficients are set based on intercellular communication
delays of nearby cells.

17. A base station that requests cooperative transmission of
a base station forming a nearby cell that 1s near a mobile
station, the base station comprising:

a setter that sets a coellicient of each nearby cell;

an acquirer that acquires a reception power for each nearby
cell of the mobile station; and

a selector that based on each value for each acquired recep-
tion power weighted by the coellicient of the nearby cell
and from among the nearby cells, selects a cell of which
the cooperative transmission 1s to be requested, wherein

the setter sets the coellicient of each nearby cell, based on
an applicable cooperative communication scheme 1n a
non-local cell that 1s different from a local cell of the
mobile station.
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